Introduction {#sec1-2041669518796853}
============

How our body is mentally represented in terms of visual properties can have a great influence on our psychological health. The conscious representation of our physical appearance is often referred to as our body image. Body image is characterized as a unity of present body sensations linked with social and perceptual experiences in the past and allows comparing one's physical appearance to others. It is traditionally distinguished from body schema, an unconscious representation of the bodily dimensions used for action control ([@bibr9-2041669518796853]; [@bibr34-2041669518796853]). Generally, body image is described as consisting of two components that are largely independent of one another, an attitudinal and a perceptual component ([@bibr14-2041669518796853]; [@bibr39-2041669518796853]). The attitudinal component comprises feelings and thoughts that are placed on the whole body or body parts as a result of, for example, sociocultural norms of body ideals ([@bibr21-2041669518796853]), social comparison ([@bibr31-2041669518796853]), and appearance-related feedback from others. Negative social feedback and excessive appearance-related social comparison have been linked to poor psychological health and the development of body image and eating disturbances (J. K. Thompson, Coovert, & Stormer, 1999). Most research on the perceptual component of body image has used visual body size estimation tasks to investigate how veridically people estimate their own bodily dimensions. It is not clear yet whether and how nonvisual bodily information influences visual estimates of own body size. However, there are multiple factors suggesting that one's body image is largely influenced by the visual experience with one's own body, such as the higher spatial resolution of the visual system as compared with the somatosensory system, and the fact that perception of others' bodies and thus self-other comparisons appear to be guided by vision.

It is currently unknown how different visual experiences that one has in daily life contribute to the mental image of one's own body. Which visual information is predominantly used to form people's perceptual body image? One's body image could be formed by information about the bodily dimensions from the visual experiences with our body from a first-person perspective---as we see our body most of the time---or the third-person perspective through indirect media such as mirrors, reflections, or pictures.

The goal of this research was to investigate how two different visual perspectives on one's body (first- and third-person) contribute to the mental representation of own bodily dimensions that is assessed in a body size estimation task. Understanding how different visual experiences may, or may not, influence the visual representation of own body size could improve our theoretical understanding of how body representations are formed and thus provide a fruitful and novel area to understanding differences between clinical and nonclinical populations with body image disturbances. To motivate this work, we briefly review empirical research using body size estimation tasks, the sparse literature on how different experiences contribute to body size perception, and some indications that body size estimations may be distorted when viewing one's own body in a mirror.

Empirical Research on Body Size Estimation {#sec2-2041669518796853}
------------------------------------------

Several methods have been developed aiming at externalizing one's body image to measure its dimensions. As the traditional concept of body image is that of a visual body representation, the methods rely on visually comparing dimensions of one's own body to a reference. Two types of body size estimation methods are distinguished: metric and depictive body size estimation methods ([@bibr27-2041669518796853]). In metric methods, often also referred to as body part methods, the size of body parts is estimated against a spatial measure (e.g., a caliper or a measure tape) and thus local spatial estimates of body parts are assessed ([@bibr22-2041669518796853]; [@bibr40-2041669518796853]). In depictive methods, often also referred to as whole body methods, the size and shape of the whole body are compared with another body of self or other identity (e.g., photographs or computer-generated bodies) usually manipulated in body weight ([@bibr30-2041669518796853]; [@bibr36-2041669518796853]; [@bibr42-2041669518796853]; [@bibr46-2041669518796853]). A recent review suggests that healthy people on average accurately estimate their own bodily dimensions in depictive methods, whereas they overestimate in metric methods ([@bibr29-2041669518796853]).

Although it is often argued that body size estimation tasks assess the perceptual component of body image, the estimates were found to be influenced by cognitive-affective factors. Specifically, findings show that the accuracy of body size estimation correlates with attitudes toward the body in healthy women ([@bibr2-2041669518796853]), and the degree of overestimation of certain body parts is influenced by body dissatisfaction and self-esteem in anorexia nervosa ([@bibr18-2041669518796853]). In line with this, different task instructions were found to have an effect on the estimates of own body size ([@bibr5-2041669518796853]).

Overall, this research suggests that the size of own body parts is often overestimated in metric body size estimation methods and the degree of overestimation might be influenced by affective factors. However, it does not address how the mental image of our body is formed. What visual experience do we have with our own body that may allow us to make body-related self-other comparisons? We hypothesize that social comparison is best served by representing our body in a manner that is consistent with judging and comparing to others' bodies, namely, from a third-person perspective. Specifically, viewing ourselves through, for example, a mirror allows a perspective on our own body that may be the basis of the mental image of our body.

Body Size Estimation With Mirrors {#sec3-2041669518796853}
---------------------------------

A particularly salient visual experience of one's body is viewing it through a mirror. Mirrors have been used to investigate body size estimation, especially in individuals with eating disorders and obesity, and are often used as a therapy tool to improve self-body evaluation through mirror confrontation ([@bibr7-2041669518796853]; [@bibr8-2041669518796853]; [@bibr17-2041669518796853]; [@bibr32-2041669518796853]).

Some researchers have argued that body size estimation tasks assess memory of own body size rather than perception ([@bibr12-2041669518796853]; [@bibr38-2041669518796853]; [@bibr41-2041669518796853]). To address this issue, some studies have investigated body size estimation with visual feedback in a mirror available ([@bibr2-2041669518796853]; [@bibr15-2041669518796853]). For example, [@bibr2-2041669518796853] asked healthy adolescent girls to estimate the width of their bodies at several heights (face, shoulder, chest, waist, and hip) by adjusting the distance between two moveable light sources with and without mirror feedback. In the mirror condition, participants could see their mirror image in a full-length mirror that was placed adjacent to the moveable caliper apparatus while making the estimates. The results showed that participants significantly overestimated all body widths when compared to measurements of their actual body in both the mirror and the no mirror condition. The mirror feedback only influenced width estimates of the shoulders, such that overestimation was smaller than without mirror feedback. Similarly, [@bibr15-2041669518796853] had obese and normal weight participants match the body size of a previously taken photograph shown on a monitor in the presence and absence of a mirror. There was no difference in results between the two groups; however, overall participants were more accurate in estimating their body size when the mirror was present.

In other studies, participants were presented with an image of themselves that was projected next to a full-length mirror with the projection having the same height as the mirror reflection (half of the physical body size). Participants' task was to adjust the projected image such that it corresponded to their mirror reflection ([@bibr12-2041669518796853]; [@bibr38-2041669518796853]). In addition, [@bibr12-2041669518796853] compared body size estimates to a condition in which participants had to adjust the size of an image projection of their body in life size to match their own body size from memory. Contrary to expectations, the results showed that participants overestimated their body size significantly more in the mirror condition compared to the memory condition. The authors argued that this might have been due to the different sizes of stimuli that were used in the two conditions. Using the same method but matching the image size between both conditions, [@bibr33-2041669518796853] found that patients with anorexia nervosa overestimated their body size more than controls in both the memory and perception condition. As in [@bibr12-2041669518796853], they found that body size was overestimated more in the mirror compared with the memory condition but only for patients and not for healthy controls. [@bibr10-2041669518796853], on the other hand, found that healthy women accurately estimated their body size using a similar mirror-based method, but they overestimated in the memory condition. Furthermore, when adjusting an image so it matched a printed photograph of themselves, participants made accurate estimates.

Overall, these studies present inconclusive results as to whether perception and memory of own body size differ and how exactly they are distorted. Furthermore, most previous studies using a depictive body size estimation method do not allow to draw conclusions about differences in size estimation of single body parts because the body could only be adjusted as a whole, namely, in body weight, and not independently for single body parts (see, however, Gardner, Martinez, Espinoza, & Gallegos, 1988; [@bibr28-2041669518796853]; [@bibr46-2041669518796853]). So far, none of this work has related estimates of body size in a mirror to those from memory and from a first-person perspective---as we see our body most of the time.

Overview of the Experiments {#sec4-2041669518796853}
---------------------------

The goal of the current experiments was to investigate how different visual experiences may contribute to the conscious representation of our bodily dimensions. In Experiment 1, we compared estimates of body widths without any visual access with estimates made when viewing one's body in a mirror or from a first-person perspective. If estimates of own body size without visual access are more similar to those made when seeing one's body in a mirror as compared to the first-person perspective, then it would suggest that participants' mental representation of their bodily dimensions might partially be influenced by visually experiencing one's body from a third-person perspective. In Experiment 2, we compared estimates of object widths placed at the height of the same body parts as in Experiment 1, when viewing the objects in a mirror and when directly looking at the objects.

Experiment 1 {#sec5-2041669518796853}
============

Methods {#sec6-2041669518796853}
-------

### Participants {#sec7-2041669518796853}

Forty-eight (32 female, 16 male) people from the Tübingen community participated in the experiment. All participants were naive to the purpose of the experiment and had normal or corrected-to-normal vision. The experiment was approved by the ethics committee of the University of Tübingen and was performed in accordance with the Declaration of Helsinki. Participants gave written informed consent and were compensated with €8 per hour for their participation.

### Apparatus {#sec8-2041669518796853}

In the Mirror condition, participants viewed their reflection in a 34 cm × 110 cm (width × height) sized standard mirror, mounted on a wall with a floor offset of 70 cm, 1.75 m from the viewers' location. The mirror was tested, and no obvious distortions were found. For the visual matching task, a standard 3 m steel tape measure was used with metric values displayed only on one side (experimenter), the opposite side (participant) was blank.

### Design {#sec9-2041669518796853}

A mixed design was implemented. Condition (Mirror, No Visual Access, and First-Person Perspective; [Figure 1](#fig1-2041669518796853){ref-type="fig"}) was manipulated between participants. All participants estimated the width of three body parts (foot, hips, and shoulders) and participants in the Mirror and No Visual Access conditions additionally estimated the width of their head. Participants in the First-Person Perspective condition did not estimate the width of their head as it is impossible to view this dimension when looking down at one's body. The width of every body part (foot, hip, shoulder, and head) was estimated twice, once with the tape measure starting small and once starting long. Participants were instructed to estimate the width of their right foot at the widest point, of their hips at the widest point, of their shoulders at the point at which they begin to curve down, and of their head at the cheek bones. In the Mirror condition, participants estimated the physical width of each body part as seen in the mirror but were explicitly instructed that they were not allowed to look down or touch their body parts with their hands. In the No Visual Access condition, participants estimated the physical width of each body part as they remembered it but were not allowed to look down at their body, touch specific body parts, or look into a mirror. In the First-Person Perspective condition, participants estimated the physical width of each body part from looking down but were not allowed to touch specific body parts or look into a mirror. The experimenter verified that the participants did not violate the instructions. The order of body part estimates was completely randomized without restriction. Figure 1.Overview of the three experimental conditions in Experiment 1. Participants either estimated their body size without visual access with visual feedback in the mirror available or from a first-person perspective.

### Procedure {#sec10-2041669518796853}

After filling out the informed consent form, participants were randomly assigned to one of the three conditions. To estimate the size of each body part, participants performed a metric body size estimation task (visual matching task) whereby the experimenter would either slowly extend or contract the length of a tape measure. The numbers of the tape measure were not visible to the participant. The participants' task was to adjust the length of the tape measure through verbal instructions so that it corresponded to the width of the body part currently being estimated. They were free to adjust the length of the tape measure as often as necessary. After participants had completed the experiment, they were asked about their thoughts about the hypothesis of the experiment and the widths of all estimated body parts were measured. The experiment lasted approximately 30 min.

Analysis {#sec11-2041669518796853}
--------

For getting a measure of the accuracy of the body part width estimates, a body perception index (BPI) was calculated according to the formula: BPI = (estimated size/actual size) × 100 ([@bibr40-2041669518796853]). To analyze the influence of viewing condition (No Visual Access, Mirror, and First-Person Perspective) on the BPI of the different body parts, a multilevel regression analysis was conducted. This analysis was chosen over an analysis of variance as it can effectively deal with missing data points and therefore allows to analyze the BPI for all body parts and conditions simultaneously even though participants did not estimate their head width in the First-Person Perspective condition. The analysis was done using the lmer function of the lme4 package in R ([@bibr1-2041669518796853]). The BPI was regressed onto the body part (foot, hip, shoulder, and head), and the condition (No Visual Access, Mirror, and First-Person Perspective). All factors were allowed to interact. Specifically, the following mixed-effects model was fitted (in Wilkinson notation; [@bibr48-2041669518796853]): BPI ∼ body part + condition + body part: condition + (1\|participant). The results reported are with Satterthwaite approximation for degrees of freedom. For the pairwise comparisons, *t* tests with Bonferroni corrections were used because in the mixed-effects model the predicted value at combinations with the head could not be estimated due to the head width not being estimated in the First-Person Perspective condition. Effect sizes are reported as Cohen's *d*.

Results {#sec12-2041669518796853}
-------

The multilevel analysis revealed that there was no main effect of condition (No Visual Access, Mirror, and First-Person Perspective), *F*(2, 50.26) = 1.32, *p* = .28, and also no interaction between condition and body part, *F*(5, 124.13) = 1.68, *p* = .14, suggesting that the accuracy of the body width estimates did not differ across conditions. However, there was a main effect of body part, *F*(3, 124.38) = 18.79, *p* \< .001. Pairwise comparisons using independent *t* tests with Bonferroni *p* value corrections showed that the BPI for the foot (*M* = 106.21, standard deviation \[*SD*\] = 15.99) and shoulder (*M* = 112.94, *SD* = 12.16) was smaller than the BPI for the hip (*M* = 123.23, *SD* = 17.35) and head (*M* = 131.21, *SD* = 25.05); foot--hip: *p* \< .001, *d* = 1.02; foot--head: *p* \< .001, *d* = 1.26; shoulder--hip: *p* = .02, *d* = 0.69; shoulder--head: *p* \< .001, *d* = 1.01. There was no difference in BPI between the foot and shoulder (*p* = .32, *d* = 0.47) and between the hip and head (*p* = .28, *d* = 0.39). The results are shown in [Figure 2](#fig2-2041669518796853){ref-type="fig"}. To examine whether the BPI for the different body parts significantly differed from accurate size estimation (BPI = 100), one-sample *t* tests were conducted. The results showed that the size of all body parts was significantly overestimated: foot: *t*(49) = 2.74, *p* = .008, *d* = 0.39; shoulder: *t*(49) = 7.53, *p* \< .001, *d* = 1.06; hip: *t*(49) = 9.47, *p* \< .001, *d* = 1.34; and head: *t*(29) = 6.82, *p* \< .001, *d* = 1.25.^[1](#fn1-2041669518796853){ref-type="fn"}^ Figure 2.Body perception index as a function of body part, collapsed across the three experimental conditions of Experiment 1. Values higher than 100 indicate overestimation in terms of percentage of the actual body size. Error bars represent one standard error from the mean.

Discussion {#sec13-2041669518796853}
----------

The results of Experiment 1 show no effect of viewing condition on the accuracy of body width estimates. We found, however, that the width of all body parts was significantly overestimated. This finding is in line with a recently published review on body size estimation suggesting that healthy people tend to overestimate their body dimensions in metric body size estimation tasks similar to the one used here ([@bibr29-2041669518796853]). [@bibr29-2041669518796853] suggest that metric tasks might also recruit more implicit body representations, for example, from proprioception, that are used for action control. Part of this overestimation of body width could be that when navigating through space, we often leave a margin of error ([@bibr47-2041669518796853]). Furthermore, our results show that the width of the hip and the width of the head were overestimated to a greater extent than the width of the foot and width of the shoulders. The previous literature has suggested that estimates of emotionally salient body regions (e.g., hip and shoulder widths) could be inflated due to cognitive-affective factors ([@bibr3-2041669518796853]; [@bibr18-2041669518796853]). It would therefore be expected that women and men show more inaccuracies in estimates that are involved in the sociocultural ideal of the body of their own sex (e.g., for men, the chest and upper torso and for women, the mid and lower torso). Some of the overestimation of shoulder and hip width seen in our results might be due to body dissatisfaction. However, although some previous studies have found that women overestimated the width of the hips ([@bibr20-2041669518796853]; [@bibr35-2041669518796853]), other studies reported that men and women consistently overestimated body widths of the various body regions to the same extent ([@bibr11-2041669518796853]; [@bibr13-2041669518796853]; [@bibr28-2041669518796853]; J. K. [@bibr44-2041669518796853]). The overestimation of head width is likely not related to psychosocial factors. [@bibr4-2041669518796853] suggest that there might be an estimation bias toward head enlargement with normal proprioceptive information independent of whether visual information is provided or not. In Experiment 2, we asked whether this overestimation of body part widths could partly be due to generally overestimating dimensions in a metric size estimation task. Furthermore, the greater overestimation for certain body parts could also be in part due to viewing and estimating dimensions in our experimental setup, that is, due to the distance to the stimuli, the viewing angles, or the use of a mirror.

Experiment 2 {#sec14-2041669518796853}
============

The goal of Experiment 2 was to determine whether the widths of noncorporeal objects would be similarly overestimated as body parts. In Experiment 1, participants overestimated the size of all body parts. Is part of this overestimation due to the metric size estimation method use or due to our experimental setup? To investigate this question, participants estimated the width of four objects, strips of paper, when viewed in a mirror or when viewed without a mirror, using the same visual matching task as in Experiment 1. If dimensions are generally overestimated in metric size estimation tasks or in the viewing conditions of our experimental setup, the object widths should be similarly overestimated as the widths of the body parts in Experiment 1.

Methods {#sec15-2041669518796853}
-------

### Participants {#sec16-2041669518796853}

Thirty (17 female, 13 male) people from the Tübingen community participated in the experiment. All participants were naive to the purpose of the experiment and had normal or corrected-to-normal vision. The experiment was approved by the ethics committee of the University of Tübingen and was performed in accordance with the Declaration of Helsinki. Participants gave written informed consent and were compensated with €8 per hour for their participation.

### Apparatus {#sec17-2041669518796853}

The objects were four strips of paper with a length of 10 cm, 15 cm, 30 cm, and 45 cm and a width of 5 cm. The lengths of the strips of paper were roughly based on the average width of participants' body parts (foot, hips, shoulders, and head) in Experiment 1. In the Mirror condition, participants viewed the objects in a 34 cm × 110 cm (width × height) sized mirror, mounted on a wall with a floor offset of 70 cm at a distance of 1.75 m from the viewers' location. The objects were placed on an occluder (2 m tall, 1 m wide) at the height of each participant's body part (foot, hips, shoulders, and head). The occluder was positioned between the participant and the mirror and contained an 18 cm × 12 cm (width × height) hole that could be adjusted in height such that it was centered around each participant's eyes. The occluder allowed participants to view through and see the reflection of the objects attached to the other side of the occluder ([Figure 3](#fig3-2041669518796853){ref-type="fig"}, left). In the No Mirror condition, participants stood 3.5 m from the objects that were attached to the occluder in the same way as in the Mirror condition to equate visual angle size across conditions ([Figure 3](#fig3-2041669518796853){ref-type="fig"}, right). For the visual matching task, a standard 3 m steel tape measure was used with metric values displayed only on one side. Figure 3.Overview of the two experimental conditions in Experiment 2. Participants either estimated the object widths attached to the occluder with visual feedback in the mirror available or by directly looking at the objects without a mirror.

### Design {#sec18-2041669518796853}

A mixed design was implemented. Condition (Mirror and No Mirror) was manipulated between participants; half of the participants viewed the objects reflected through a mirror and the other half without the mirror. All participants estimated the width of each object four times, twice with the tape measure starting small and twice starting long. The order of estimates was completely randomized without restriction.

### Procedure {#sec19-2041669518796853}

After filling out the informed consent form, participants were randomly assigned to one of the two conditions. They then estimated the widths of the objects using the same visual matching task as in Experiment 1. The experiment lasted approximately 30 min.

Analysis {#sec20-2041669518796853}
--------

Similar to the calculation of the BPI in Experiment 1, an object perception index (OPI) was calculated for getting a measure of the accuracy of the object width estimation: OPI = (estimated size/actual size) × 100. As in Experiment 1, a multilevel regression analysis was conducted. The OPI was regressed onto the objects placed at the height of the different body parts (foot, hip, shoulder, and head) and the condition (Mirror and No Mirror). All factors were allowed to interact. Specifically, the following mixed-effects model was fitted (in Wilkinson notation; [@bibr48-2041669518796853]): OPI ∼ objects + condition + objects: condition + (1\|participant). The reported results are with Satterthwaite approximation for degrees of freedom. *t* Test were used for planned comparisons; effect sizes are reported as Cohen's *d*.

Results {#sec21-2041669518796853}
-------

The analysis revealed a main effect of objects, *F*(3, 84) = 6.95, *p* \< .001. However, planned comparisons using independent *t* tests with Bonferroni *p* value corrections showed that there was no significant difference in OPI across the objects placed at the height of the different body parts. There was also no main effect of condition, *F*(1, 28) = 2.61, *p* = .12. The accuracy of object width estimation was on average similar across the Mirror and No Mirror condition. However, the interaction between objects and condition was significant, *F*(3, 84) = 3.11, *p* = .03. The results are shown in [Figure 4](#fig4-2041669518796853){ref-type="fig"}. Planned comparisons were run for each of the four objects to test whether the OPI differed between the Mirror and No Mirror condition. For the object placed at shoulder height, the OPI was significantly larger in the Mirror condition (*M* = 114.09, *SD* = 13.01) as compared with the No Mirror condition (*M* = 98.7, *SD* = 13.69), *t*(28) = 3.16, *p* = .003, *d* = 1.15. For all other objects, there was no significant difference in OPI between the Mirror and No Mirror conditions. Figure 4.Object perception index for objects placed at the height of each participant's right foot, hip, shoulder, and head when viewed directly (no mirror) or when viewed in a mirror (mirror) in Experiment 2. Values higher than 100 indicate overestimation in terms of percentage of the actual size. Error bars represent one standard error from the mean.

Using one-sample *t* tests, the OPI at each object height was tested to a value of 100 (accurate width estimation). The OPI of objects placed at shoulder and head height significantly differed from 100, shoulder: *t*(29) = 2.29, *p* = .03, *d* = 0.42; head: *t*(29) = 2.62, *p* = .01, *d* = 0.48. This effect, however, seems to be driven by a greater overestimation of the object width when viewing it in a mirror. The OPI of objects placed at foot and hip height was not different from 100, foot: *t*(29) = 1.88, *p* = .07, *d* = 0.34; hip: *t*(29) = −0.81, *p* = .43, *d* = 0.15.^[2](#fn2-2041669518796853){ref-type="fn"}^

Discussion {#sec22-2041669518796853}
----------

The results of Experiment 2 show that the width of objects placed at foot and hip height was estimated accurately, but the width of objects placed at shoulder and head height was overestimated. Importantly, this width overestimation of objects at shoulder and head height seems to be driven by a greater overestimation of these dimensions when viewing the objects in a mirror. While the results suggest that dimensions are not generally overestimated in metric size estimation methods, they do not allow to draw conclusions about what it is about viewing objects placed at the height of the shoulder and the head in the mirror in our experimental setup that leads to a size overestimation. However, the results of Experiment 2 suggest that part of the overestimation of body part widths in Experiment 1 may be due to biases when viewing or estimating the size of one's body parts in the mirror. Notably, across the viewing conditions, the width of objects placed at the height of the foot and the hips was estimated accurately, whereas the width of the foot and hips in Experiment 1 was significantly overestimated to a degree of around 6% and 23%. The width of objects placed at the height of the shoulder and the head in Experiment 2 was overestimated by around 6% and 9%, compared to an overestimation of 12% for the shoulder width and 32% for the head width in Experiment 1.

General Discussion {#sec23-2041669518796853}
==================

This research aimed at investigating how different visual experiences when looking at one's own body may contribute to the conscious representation of one's bodily dimensions. Our results of Experiment 1 demonstrate that body width estimates with visual access in the mirror available, from a first-person perspective, and with no visual access, were consistent. These findings are in line with previous research showing that visual feedback in a mirror did not improve the accuracy of estimating own bodily dimensions when compared to body size estimates from memory ([@bibr2-2041669518796853]; [@bibr12-2041669518796853]). This suggests that people might use a common body representation when making body size estimates under different viewing conditions and without visual access. Furthermore, our results show that body part widths were overall overestimated, and the hip and head width was overestimated to a larger degree than the foot and shoulder width. The results of Experiment 2 demonstrate that noncorporal object widths were accurately estimated for objects placed at the height of the foot and the hips but were overestimated for objects located at the height of the shoulder and the head. This overestimation of shoulder and head width, however, seems to be driven by larger estimates when viewing the objects in the mirror relative to when viewing the objects directly.

We found that participants generally overestimated the width of their body parts. This overestimation is in line with the previous literature showing that bodily dimensions tend to be overestimated in metric body size estimation tasks also in healthy participants ([@bibr29-2041669518796853]). [@bibr29-2041669518796853] has argued that this overestimation of body dimensions in metric tasks might be due to the tasks assessing not only explicit knowledge about own body dimensions but also implicit body representations that rely on somatosensation. Implicit body representations, on the other hand, have been argued to be massively distorted in size and seem to be characterized by i.a. an overestimation of body part widths ([@bibr26-2041669518796853]).

Furthermore, our results show that hip and head width was overestimated to a greater extent than shoulder and foot width. Using a similar visual matching task than the one used in our study, [@bibr4-2041669518796853] also found a significant overestimation of head size both when estimating head height without visual access and with visual feedback in a mirror available, in their case, overestimation was, however, reduced with visual feedback. In line with the claim that metric methods might also recruit distorted implicit body representations, Bianchi et al. suggest that there might be a bias toward enlargement of heads with normal proprioceptive information that is independent of whether visual information is available or not. Interestingly, Bianchi et al. additionally analyzed paintings of portraits of self and others and found that painters drew their own head larger than other people's heads.

Several researchers have argued that performance in body size estimation tasks can be influenced by cognitive-affective factors ([@bibr2-2041669518796853]; [@bibr5-2041669518796853]; [@bibr18-2041669518796853]). Thus, estimates of emotionally salient body region, such as the hips and shoulders, might be inflated due to body dissatisfaction, and this could also contribute to the overestimation of body part widths seen in Experiment 1. As our experiment was not designed for looking at sex differences in the accuracy of body width estimates, but at the role of visual information, it remains up to future research to determine if and how psychosocial factors correlate with estimates of own body size. An influence of attitudinal factors on the accuracy of body size estimates should theoretically reveal sex differences, with more overestimation of the hip region for women and more overestimation of the shoulder region for men according to societal beauty ideals. However, several studies found no sex difference in body width estimates of the different body regions ([@bibr11-2041669518796853]; [@bibr13-2041669518796853]; [@bibr28-2041669518796853]; J. K. [@bibr44-2041669518796853]).

Perception of own body size can also be influenced by the bodies that one has been exposed to in the past. There is consistent evidence that familiarity or expertise with different body sizes modulates how bodies are perceived. For example, aftereffects result from prolonged or repeated exposure to a given feature and manifest themselves in a subsequent shift of perception of this feature into the direction opposite of the adapted feature (P. [@bibr45-2041669518796853]). Such biases in perception of bodies have been found in adaptation experiments in terms of body normality ([@bibr19-2041669518796853]), body identity ([@bibr37-2041669518796853]), and attractiveness ([@bibr49-2041669518796853]). Similarly, [@bibr23-2041669518796853] found that after adaptation to a thin body, participants judged a picture depicting a thinner version of themselves as most realistic and after adapting to a fat body, a fatter version as most realistic. Aftereffects were also found to transfer across self and other identity, suggesting that they might also explain the sociocultural influence on disturbances of body image as repeated media exposure to extreme thin bodies should make bodies appear fatter ([@bibr6-2041669518796853]). Repeated visual exposure to distorted mirrors, an extreme case would be funhouse mirrors, could therefore also affect how one's own body size is perceived and estimated.

In Experiment 2, we tested whether the width overestimation was specific to body parts or might be partly due to the metric method used or aspects of our experimental setup and would therefore also affect estimates of noncorporeal objects. The results demonstrate that the width of objects placed at the height of the foot and the hip was accurately estimated, suggesting that dimensions are not generally overestimated in a metric size estimation task, whereas there is a large body of literature on estimates of object sizes within mirrors, this study provides a further contribution to this previous literature by manipulating object height and size to match a situation of judging body part widths. We only found some overestimation of object widths when looking in the mirror, specifically at the height of the shoulder and the head. However, the magnitude of this overestimation was much less than for the body size estimates in Experiment 1.

Previous work has asked participants to estimate the size of objects, as they appear on the mirror surface ([@bibr24-2041669518796853]) or when viewed through a window ([@bibr25-2041669518796853]). Those results show that participants have difficulties estimating the object size as it appears on the mirror surface (estimates should be one half of the actual width) and tend to make estimates close to the true size of the object. Furthermore, size estimates on the mirror surface were found to depend partially on the distance between the viewpoint (participants' eyes) and the horizontal displacement of the object. For both mirrors and windows, the physical size of an object was, however, accurately estimated. Our results demonstrate that the width of objects placed at the height of the shoulder and the head was overestimated when participants were asked to estimate their actual width, when seeing the object reflection in a mirror as compared with when directly viewing the objects. The difference in results could be due to having a size reference, namely, the mirror reflection of one's own body in the study by [@bibr25-2041669518796853], whereas participants in our study had to judge the size of an object without any familiar size they could use as a reference. However, lack of familiar size cues cannot explain why the width of objects placed at the height of the foot and the hip was accurately estimated. There might be a relationship between vertical displacement between the object being judged and the viewpoint. Although this mirror effect cannot entirely explain the overestimation of body part widths of Experiment 1, it suggests that visual experience of one's body in the mirror and potential distortions thereof could also be reflected in the mental image of own body dimensions.

Another prominent visual experience of one's own body is viewing it in a picture. [@bibr10-2041669518796853] found that participants accurately estimated their body size when they had to adjust an image so it matched a printed photograph of themselves. Although perception of body size in photographs provides another interesting field for understanding body image distortions, the size of one's body in an image also relies heavily on familiar size cues and indirect extrapolation of one's size given the environment. Moreover, in most such depictive body size estimation tasks where the reference is an entire body that has to be matched to one's own body shape, the body stimulus can only be adjusted as a whole, most often in body weight, and not independently for single body parts. Thus, estimates are probably influenced by relative proportions of the body and the overall body shape.

Another possible indirect experience of one's body size is how we interact with the world around us by stepping up onto objects or passing in between obstacles. Previous work has shown that much of our interpretation of the spatial layout is scaled to the size of one's body ([@bibr47-2041669518796853]). It would be interesting to see whether and how manipulating one's ability to act in the world alters subsequent estimations of one's body width in body size estimation tasks.

Finally, this study has some limitations. First, we only examined the visual estimation of the width of four body parts, and second, we did not use a measure for body dissatisfaction, especially with regard to the body parts that were estimated. Future research should include more measures of the attitudinal component of body image to understand the contribution of visual and cognitive factors to body size estimation. Another limitation of our study is that the overestimation of object widths in the mirror of Experiment 2 cannot be traced to the size or the height of the objects because the object widths were matched to the body part widths of Experiment 1 and the objects were placed at the height of the respective body part for each participant. Future studies should test size estimation of the same object at different heights. Furthermore, similar methods could be used to understand how other experiences with different senses influence body size estimation, for example, how mirror exposure and simultaneous tactile stimulation alter visual size estimates.
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We ran a second multilevel analysis with participant sex included. The analysis revealed a main effect of body part and an interaction of gender and body part, *F*(3, 117.07) = 3.3, *p* = .02. Planned comparisons showed no sex difference in estimates for foot width, hip width, and shoulder width (all *p* \> .26), but for head width, *t*(22.1) = 2.16, *p* = .04, *d* = 0.82 (BPI females: *M* = 1.39, *SD* = 0.23; BPI males: *M* = 1.2, *SD* = 0.25)As our experiment was not designed for investigating sex differences and there was an unequal number of males and females in the three different experimental conditions, we, however, do not want to make strong claims about this finding.

As in Experiment 1, a second mixed-effects model was run with participant sex included. There was no significant effect of participant sex, *F*(1, 26) = 0.19, *p* = .67, and none of the interactions were significant (all *p* values \> .16).
